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Bloch-oscillations of exciton-polaritons and photons for the generation of an
alternating terahertz spin current
H. Flayac, D. D. Solnyshkov, and G. Malpuech
LASMEA, Nanostructure and Nanophotonics Group, Clermont Universite´ and
Universite´ Blaise Pascal, CNRS, 63177 Aubie`re Cedex France
We analyze theoretically the spin dynamics of exciton-polaritons and photons during their Bloch
oscillations in a one-dimensional microwire. The wire geometry induces an energy splitting between
the longitudinal and transverse electric polarized eigenmodes. We show analytically that a synchro-
nized regime between the Bloch oscillations in space and the precession of the pseudospin can be
achieved. This synchronization results in the formation of a THz alternating spin current which
can be extracted out of the confinement region by the Landau-Zener tunneling towards the second
allowed miniband. Finally we show how the spin signal can be maintained despite of the lifetime
of the particles for the case of exciton-polaritons both in a resonant and non resonant pumping
schemes. The structure therefore acts as a Spin-optronic device able to convert the polarization and
emit spin polarized pulses.
PACS numbers: 71.36.+c,71.35.Lk,03.75.Mn
I. INTRODUCTION
Exciton-polaritons (polaritons)1 are now attracting a
lot of attention since they have demonstrated numerous
fascinating nonlinear and linear physical effects. Polari-
tons are the quasi-particles resulting from the strong cou-
pling between excitons confined in quantum wells and
photons confined in a planar Fabry-Perot resonator. Be-
cause of their photonic part, polaritons are efficiently
emitting and absorbing light. Polaritons are also very
light quasi-particles which can very propagate inside the
cavity with large in-plane velocities. Because of their ex-
citonic part, polaritons are not only interacting with each
other but also with the crystal lattice (phonons). The self
interaction property gives the polaritonic system an ex-
tremely high non-linear optical response. This was first
evidenced by the demonstration of polariton parametric
amplification2,3 and bistability4,5 of the polariton sys-
tem. The threshold of these processes is orders of magni-
tude smaller than the one required to achieve similar ef-
fects in standard non-linear optical media6. Besides, the
polariton-phonon interactions allow to thermalize the po-
lariton gas, which has led to the achievement of bosonic
phase transitions such as Bose Einstein condensation7.
The latter can be used as a base to implement a very low
threshold coherent light emitter, the so-called polariton
laser8. The opportunity offered by the system itself and
also by the very powerful techniques of optics available
nowadays has allow to demonstrate a wide range of quan-
tum fluids phenomena, such as superfluid-like behavior9,
quantized vortices10, and oblique solitons11 formation.
Another remarkable property of polaritons is the pres-
ence of two spin components. A large variety of original
spin-dependent phenomena have been predicted and ob-
served. One can mention the observation of the optical
spin-Hall effect12,13, the polariton multistability14,15 or
half vortices16,17. The polariton physics therefore clearly
lies at the crossroads of several important fields of physics
which are non-linear optics, Bose-Einstein condensation
and spintronics. Fundamental physics merges here with
the applied one. The most well known polariton de-
vices are polariton lasers and amplifiers which do not
require the achievement of the gain condition needed
in standard ”photon” devices. The pumping threshold
required for polariton devices is therefore typically at
least one order of magnitude lower43,44. Many propos-
als of new types of optical spin-based microscopic com-
ponents (spin-optronic devices) have been made in the
past years18. Non-exhaustively, one can cite terahertz
sources19, optical circuits based on neurons20, optical
gates21, Berry phase interferometer22, spin transistor23,
or spin switches24.
Recently we have predicted the possibility for polari-
tons to achieve a fundamental quantum phenomenon:
Bloch oscillations25 (BOs) within a wire-shaped micro-
cavity. BOs rely on the action of a constant force (varying
lateral size of the wire or cavity thickness) on the particles
in the presence of a periodic potential (metallic pattern
depositions, surface acoustic waves, square-wave lateral
etching...). Due to Bragg reflections at the first Brillouin
zone (FBZ) edges, particles oscillate instead of infinitely
accelerating. This effect has been described in many
other systems and has been proposed as a possible source
of terahertz radiation26. BOs could also be used to mea-
sure very sensitive atomic physical quantities27,28. In this
paper we show that BOs of polaritons can be used in their
case to implement an ultra-fast spin switch/converter or
even a spin transistor. We will first mostly concentrate
on the low-density linear regime, neglecting polariton-
polariton interactions. In such a regime, low-momentum
polaritons do not strongly differ from cavity photons, and
most of the effects we find can perfectly be obtained for a
purely photonic system29,30 as it was recently the case for
the optical spin Hall effect31. In the very last part we will
show how the polariton signal can be maintained (stim-
ulated) thanks to their nonlinear dynamics and their in-
teraction with a reservoir produced by a non-resonant
2pumping.
We propose to consider a patterned microwire similar
to the one described in Ref.25. Such a structure imposes
a specific longitudinal/transverse (LT) splitting useful to
manipulate the polariton’s (photon’s) polarization. We
first demonstrate analytically that polarization preces-
sion and BOs period can be synchronized. One half of
the spatial oscillations is performed by one spin compo-
nent and the second half by the other. This regime could
therefore be somehow called ”half Bloch-oscillations”. In
the second part of the paper, we demonstrate that this
synchronized regime combined with the Landau-Zener
tunneling (LZT) to the second Bloch band allows THz
transmission of picosecond pulses with alternating circu-
lar polarization. No external magnetic field needs to be
applied to the cavity. In such case, the polariton and
photon behavior in the low wave vector region are very
similar. The disadvantage of polaritons is mostly that
they of course require low temperature operation. Their
advantage in the linear regime lies in the possibility to
finely tune the energy of the polarized polariton modes32
with an electric field acting on the quantum well excitons.
Similar modulation can of course be achieved on purely
photonic systems with the Pockels or Kerr effects, but
they require field intensities orders of magnitude larger
than in the polariton systems. We will describe the po-
laritonic system as a reference and, when needed, com-
ment on analogies with photonic systems.
II. SPIN STRUCTURE AND LT SPLITTING
Polaritons are bosons that have an electron-like two-
level spin structure18. Indeed, only specific excitons that
have σ± = ±1 spin projection are able to couple to
cavity photons (bright states), in contrast to the dark
states (spin ±2). A right (left) circularly polarized light
excitation creates a σ+ (σ−) polariton. Consequently,
a convenient representation for the spin (polarization)
dynamics of the polaritonic system is the three dimen-
sional pseudospin vector (analogue of the Stokes vector)
S = (Sx, Sy, Sz) on the Poincare´ sphere. This vector
is defined as the the decomposition of the 2 × 2 spin-
density matrix ρs of polaritons on a set consisting of
the unity matrix I and the three Pauli matrices σx,y,z:
ρs = IN/2+S ·σ with N the total number of particles in
the system. The pseudospin allows us to map the system
to a magnetic one and completely defines the polariza-
tion of the system: the Sx and Sy describe the linear
polarization states while the Sz component is the circu-
lar polarization degree of the particles when normalized
to unity.
In microcavities, optical eigenmodes are Transverse
Electric (TE) and Transverse Magnetic (TM). For a two
dimensional system, the energy splitting between these
modes grows quadratically with the wave vector k. The
resulting polariton states are also TE and TM polar-
ized. Another important contribution to the polariton
TE-TM splitting is the opposite dependence of the exci-
ton coupling strength with the TE and TM modes. This
contribution, which is usually negligible in the small k
range where the strong coupling is taking place, is due to
the long range interaction between the electrons and the
holes. For excitons having nonzero in-plane wave vec-
tors, the eigenstates with dipole moment oriented along
(TM) and perpendicular (TE) to k are slightly different
in energy33 for any k 6= 0. The TE-TM splitting is an
important feature: It acts on polaritons pseudospin and
manifests as an effective magnetic field that lies in the
plane of the cavity and makes a double angle with the
propagation direction of the particles
ΩLT (k) = ωx (k) cos (2φ)ux + ωy (k) sin (2φ)uy (1)
φ is the polar angle. These peculiarities result in the
precession of the pseudospin providing a remarkable spin
dynamics and related phenomena such as the OSHE,
the formation of polarization patterns34 or oblique half-
solitons35.
Moreover, in quasi-one dimensional microcavities the
TE and TM eigenmodes are linearly polarized perpen-
dicular and parallel to the wire’s axis (x-axis) respec-
tively. The additional confinement lifts the degeneracy
between the TE and TM modes even at k = 0 like in
usual photonic waveguides. It induces an additional ef-
fective magnetic field along the x-axis. This splitting is
already present in planar structures as first demonstrated
in36, it is however much larger in wires. Mainly because
of strain relaxation, the effective values can moreover be
much larger than the one extracted from Maxwell’s equa-
tions in isotropic media37. An advantage of the polari-
tonic system over the purely photonic one is that the en-
ergy of the exciton state coupled to one polarization or
another can be finely tuned by applying a moderate elec-
tric field32. This can be used to achieve the synchroniza-
tion between BOs and the polarization rotation, as we
will show below. In what follows, we will consider wires
similar to the one studied in Ref.38. In these samples,
the total energy splitting is the strongest at k = 0 and
diminishes for increasing k. As described in Ref.25, the
addition of a periodic pattern leads to a band-structured
dispersion of the polaritons. The first TE and TM bands
as well as their energy splitting gain a 2pi/d periodicity,
where d is the period of the patterned potential. In what
follows, we will see how it influences the spin dynam-
ics (pseudospin precession) of the system. We show in
Fig.1 the corresponding first TE and TM bands and the
energy splitting between the two for a GaAs microwire,
assuming a strong periodic potential for simplicity. The
parameters are those given in the Section III.
III. SPIN DYNAMICS INDUCED BY THE
POLARIZATION SPLITTING
In the linear regime, the dynamics of the pseudospin of
the center of mass of a wave packet in the presence of an
3FIG. 1. (Color online) First TE (solid blue line and left scale)
and TM (solid purple line and left scale) Bloch bands and
their energy splitting (solid red line and right scale) for the
parameters defined in Sec.III.
effective magnetic field associated with the energies ~Ω
and neglecting any dissipation is given by the following
vectorial equation
∂tS (t) = S (t)×Ω (2)
In the first part of this section we assume for simplic-
ity that our system is described by a tight binding ap-
proximation. We therefore consider cosine shaped bands
and a strictly one dimensional system (kx → k). This
approximation is reasonable insofar we will discuss a
phenomenon linked with the period of the BOs (which
doesn’t depend on the width of the band) and not with
their amplitude. Under such conditions, the first Bloch
bands (see Fig.1) for the TE and TM states are given by
El(k) = Jl[1−cos(kd)] and Et(k) = Jt[1−cos(kd)]+Hx,
where Hx accounts for the energy splitting at k = 0
(static in plane field) and Jt,l are the coupling constants
between adjacent wells. They can be approximated41
by Jt,l = 4εt,l(A/εt,l)
3/4 exp(−2
√
A/εt,l) with εt,l =
~
2pi2/2mt,ld
2 the recoil energies and A the amplitude of
the periodic potential. Then, the k-dependence of the
effective field along the wire reads
ΩLT = Ωxux =
Hx −∆J [1− cos (kd)]
~
ux (3)
with ∆J = Jl − Jt. Eq.2 leads to the following cou-
pled equations for the evolution of the pseudospin com-
ponents:
∂tSx (t) = 0 (4)
∂tSy (t) = +
Hx −∆J [1− cos (k (t) d)]
~
Sz (t) (5)
∂tSz (t) = −
Hx −∆J [1− cos (k (t) d)]
~
Sy (t) (6)
Under the action of a constant force F , the particles (an
input gaussian pulse) exhibit Bloch oscillations. There-
fore, in the equations for the pseudospin, k has, of course,
to be time dependent to take into account the motion of
the center of mass of the wave packet k(t) = Ft/~, and
the period of oscillations depends on the splitting Fd be-
tween Wannier-Stark states: TBO = 2pi~/Fd. Putting
for example Eq.(6) into Eq.(5) gives a decoupled equa-
tion for Sz and then Sy(t) is completely defined by the
knowledge of Sz(t). Finally, we obtain the following pseu-
dospin dynamics
Sx (t) = +S0x (7)
Sy (t) = +S0y cos
[
(Hx −∆J)
~
t+
∆J
~
TBO
2pi
sin
(
2pi
TBO
t
)]
+ S0z sin
[
(Hx −∆J)
~
t+
∆J
~
TBO
2pi
sin
(
2pi
TBO
t
)]
(8)
Sz (t) = −S0y sin
[
(Hx −∆J)
~
t+
∆J
~
TBO
2pi
sin
(
2pi
TBO
t
)]
+ S0z cos
[
(Hx −∆J)
~
t+
∆J
~
TBO
2pi
sin
(
2pi
TBO
t
)]
(9)
where S0i = Si(0). This solution is deterministic with
respect to the sample parameters: a given initial pseu-
dospin vector S0 = (S0x, S0y, S0z) (the polarization of
the input pulse) completely defines the spin dynamics of
the system. As we are dealing with the evolution of a
single particle (the center of mass of a wave packet), the
pseudospin vector S should be normalized to unity, it im-
poses: S20x + S
2
0y + S
2
0z = 1. The maximum precession
amplitude given by Eq.2 is obtained for S ⊥ ΩLT . For
arbitrary parameters, the precession of S is expected to
be unsynchronized with TBO as we can see in the Figure
2(a). Now, we can impose a specific pseudospin state
SBO = S(jTBO) with j an integer (actually j = 1 is suf-
ficient), in order to synchronize the pseudospin preces-
sion with the oscillations of the wave packet. We show
in Fig.3(b) an example of such a synchronization regime
with the set of conditions S0 = (0,+1, 0) (diagonal linear
polarization) and SBO = (0,−1, 0) (anti-diagonal). The
corresponding synchronization criterion reads
TBO =
pi~ (1 + 2κ)
Hx −∆J
⇔ F =
2 (Hx −∆J)
(1 + 2κ) d
(10)
where κ is an integer taken to be zero for the case of
Fig.2(b). For example, using the typical parameters
Hx = 0.2 meV and ∆J = 0.1 meV we obtain TBO ≃ 20
ps and F ≃ 0.13 meV/µm which enters perfectly in the
4FIG. 2. (Color online) Pseudospin dynamics during BOs (a)
for arbitrary parameters and (b) following the condition (10).
The solid red curves shows the normalized circular polariza-
tion degree (Sz), the dashed blue curves shows the Sy com-
ponent (Sx is always zero) and the dotted black line stands
for the trajectory of the center of mass of the wave packet.
range of accessible values for polaritonic or photonic sys-
tems.
Let us now switch to a numerical modeling of the sys-
tem. For this purpose, we use a set of spin dependent
Schro¨dinger equations and for a first simple description,
we start by neglecting the lifetime of the particles and
assume parabolic bare dispersions.
i~
∂
∂t
(
ψ+
ψ−
)
=
(
− ~
2
2m∗
∂2
∂x2 + U β
∂2
∂x2 +Hx
β ∂
2
∂x2 +Hx −
~
2
2m∗
∂2
∂x2 + U
)(
ψ+
ψ−
)
+
(
P+
P−
)
(11)
This first description suits well a pure photonic system
and is the common simplest approximation to the po-
laritonic system which will be extended in Sec.V. The
initial Gaussian light pulse injected via P±(x) is right
circularly polarized (S = (0, 0,+1)), resonant with the
lower polariton branch (LPB) at k = 0 and its ampli-
tude is taken low enough to consider a linear regime.
The effective mass is defined by m∗ = 2mtml/(mt +ml)
where mt = 5 × 10
−5m0, ml = 0.95mt are the masses
of the transverse and longitudinal modes and m0 is the
free electron mass. We note that the mass of the po-
lariton is usually of the order of twice the cavity photon
mass. U(x) is the total external potential: The sum of
the squarewave periodic potential of amplitude A = 5
meV (large enough to stay close to the tight binding ap-
proximation) and period d = 1.56 µm and a ramp po-
tential −Fx, F = 0.1 meV/µm−1 being a constant force.
The off diagonal terms accounts for the k-dependent LT
splitting, where β = ~2/4(ml −mt)/(mlmt). We remind
that the components of S can be explicitly defined via
the wave functions ψ±.
Sx = ℜ
(
ψ+ψ
∗
−
)
Sy = ℑ
(
ψ−ψ
∗
+
)
(12)
Sz =
(
|ψ+|
2
− |ψ−|
2
)
/2
The Figure 3 shows the probability density of the σ+
and σ− components in real space in (a) and (b) respec-
tively. In (c)-(d) we plot the degree of circular polariza-
tion, which is nothing but Sz because it is normalized
to unity, in real and momentum space respectively. Re-
markably, as described analytically in the previous sec-
tion, every single spatial oscillation in the first Brillouin
zone displays alternatively a right or left circular polar-
ization. Because each spin component is present in the
system only for a half-period, we will call this regime
”Half-Bloch Oscillations” (HBOs).
5FIG. 3. (Color online) Half Bloch-Oscillations. The (a) and
(b) panels show the emission intensity in real σ+ and σ− space
respectively. (c) and (d) are the corresponding circular po-
larization degree in real and momentum space respectively.
Parameters are given in the text.
IV. EMISSION OF A SPIN SIGNAL
So far, we have been working with wide gaps be-
tween the minibands which is not completely realistic for
the case of polaritons because of the limitations on the
height of the periodic potential imposed by technological
constraints25. When a particle lying in the lowest Bloch
band is accelerated up to the FBZ borders, there is a fi-
nite probability PLZT ≃ exp
(
−A2m∗pi/2F
)
of the tran-
sition towards the second miniband. This effect is known
as the Landau-Zener tunneling (LZT) and induces a sig-
nal loss every single oscillation. This is usually harmful
for the observation of steady-state BOs. We are going
to take advantage of this effect in order to generate pe-
riodic polarized light beams at the FBZ edges. Indeed,
reducing the value of the periodic potential’s amplitude
A to a more realistic value will tend to increase PLZT
and then induce a significant emission at every oscilla-
tions where the band separation is the smallest (at the
FBZ edges). The peculiarity of our spin dependent sys-
tem is that the emitted pulses will have a specific circular
polarization degree controlled by the coupling between
BOs and the pseudospin precession. Indeed the LZT oc-
curs every jth + 1/2 oscillations and the corresponding
FIG. 4. (Color online) LZT emission regime. (a), (b) and (c)
show the same informations as Fig.3 (in (a) and (b) the local
density is normalized for clarity) while the (d) panel shows the
normalized circular polarization degree of the emitted signal
40 µm away from the input pulse. The latter has been filtered
so that very low density region don’t contribute to the signal.
emission has a circular polarization degree
SLZTz =+ S0y sin
[
(j + 1)
TBO
2
(Hx −∆J)
~
]
− S0z cos
[
(j + 1)
TBO
2
(Hx −∆J)
~
]
(13)
In particular, using the same conditions as in Fig.2(b),
the normalized circular polarization degree of the emitted
signal is SLZTz = (−1)
j+κ. We show in Fig.4 a synchro-
nized configuration for A = 1 meV, κ = 0 and Hx = 0.2
meV. The LZT induced signal measured 40 µm away
from the input pulse reveals an alternating spin current
between σ+ and σ−. We make the following remark: of
course, if the effective magnetic field is present along the
whole wire, the signal’s pseudospin is expected to keep
on rotating while it propagates, which can either be re-
garded as an issue or not. In such case the polarization of
the output signal will crucially depend on the propaga-
tion distance in the sample. However, in the synchronized
regime, the relative polarization between two consecutive
pulses will not depend on the distance, therefore it can
be regarded as the real quantity to be measured. Since
the effective field depends strongly on the wire lateral
size, it can be reduced in the region of free propagation,
so that it will not affect the polarization of the emitted
signal significantly during its propagation time. In the
Figure 4, ΩLT is acting only in the BOs region in order
to preserve the polarization of the signal for the sake of
clarity.
6V. REALISTIC POLARITONIC SYSTEM
In this section we will focus on the polariton system.
To accurately describe the particle’s dynamic, we include
in our model both the real dispersion of the particles and
their lifetime. We thus introduce the following set of four
coupled equations for the excitonic ψph± and photonic ψ
ex
±
fields coupled by the light-matter interaction
i~
∂ψph±
∂t
= −
~
2
2mph
∂2ψph±
∂x2
+
ΩR
2
ψex± −
i~
2τph
ψph± + Uphψ
ph
± +
(
β
∂2
∂x2
+Hx
)
ψph∓ + P± (14)
i~
∂ψex±
∂t
= −
~
2
2mex
∂2ψex±
∂x2
+
ΩR
2
ψph± −
i~
2τex
ψex± + Uexψ
ex
± (15)
The new quantities that appear are: the effective masses
for the cavity photons mph = 5 × 10
−5m0 and the ex-
citons mex = 0.5m0, their lifetimes τph = 50 ps and
τex = 400 ps, the separated
25 periodic potential Uex
of amplitude A = 1 meV (acting on excitons) and the
ramp potential Uph (acting on photons) which produces
a force F = 0.2 meV/µm and the Rabi splitting ΩR = 14
meV. The analytical description of the previous section
appears of course a bit less accurate with respect to the
full treatment. The dependence of ΩLT over k will be
slightly affected because of the modified shape of the first
Bloch band which mostly modifies the amplitude of os-
cillations and the shape of the pseudospin oscillations
but is not detrimental for our effect. The period TBO is
not expected to vary to much because it depends on the
quantity Fd, and therefore, our synchronization criterion
remains valid. The design of a real sample would require
of course a comprehensive description of the dispersion
imposed by the structure which has to be predicted by
full two dimensional simulations.
We aim now at reproducing the synchronized LZT
emitter regime of Fig.4. To do so, we need to compensate
for the particles losses. It can easily be done thanks to
a pulsed input synchronized with TBO as seen in Fig.5
where the effect is reproduced on demand every two oscil-
lations periods (TBO = 250 ps) when the signal becomes
weakens too much due to both LZT and lifetime. The
wire is therefore acting as an ultrafast spin emitter which
converts a linearly polarized input in two oppositely cir-
cularly polarized outputs in that particular case. Many
other configurations are also possible, depending on the
parameters imposed by the sample and the polarization
of the input, for example the conversion from circular to
linear polarization.
Finally, let us consider a sample etched specifically to
achieve the synchronization regime described above. A
small controllable perturbation to the BOs period or to
the LT splitting, produced by an electric contact32 or
even strain on the sample, will lead to a loss of this
synchronization and to an arbitrary relative circular po-
larization degree between two consecutive LZT pulses.
To sum up in the synchronization regime the output is
∆Sz = 2 and can stand for a binary 1 and any unsyn-
chronized configuration is 0 with a switching controlled
FIG. 5. (Color online) Accounting for the real non-parabolic
dispersion and the lifetime of the particles. Input pulses with
a period of 2TBO ≃ 50 ps are used to maintain the output
signal intensity.
by a gate (perturbations). With this we have described a
spin-optronic transistor working at the frequency 1/TBO
in the range of tens of terahertz.
VI. DRIVEN HALF-BLOCH OSCILLATIONS
AND LZT EMISSION
In this last section we propose a scheme that will allow
us to maintain the polaritons Bloch oscillations and the
spin signal discussed previously with a single triggering
pulse despite of the lifetime of the particles. This sec-
tion can also be seen as an extension of Ref.25 where we
considered free decaying oscillations of polaritons (con-
densate).
So far we have been discussing quasi-resonant injec-
tions of polaritons (photons) in a linear regime. We pro-
7pose now to continuously and non-resonantly pump38 the
system with a narrow and high power Gaussian spot in
the region of the LZT emission in order to introduce a
driving reservoir for the particles. We trigger Bloch oscil-
lations with a single quasi-resonant pulse. To model the
action of the reservoir, we need an extra equation for its
dynamic and to take particles interaction into account.
For the full nonlinear dynamics of the system we there-
fore use the following set of modified Ginzburg-Landau
equations similarly to what was done in Ref.42 for exam-
ple.
i~
∂ψph±
∂t
= −
~
2
2mph
∂2ψph±
∂x2
+
ΩR
2
ψex± −
i~
2τph
ψph± + Uphψ
ph
± +
(
β
∂2
∂x2
+Hx
)
ψph∓ + P± (16)
i~
∂ψex±
∂t
= −
~
2
2mex
∂2ψex±
∂x2
+
ΩR
2
ψph± −
i~
2τex
ψex± + Uexψ
ex
± + α
(∣∣ψex± ∣∣2 + nR)ψex± + iΓR2 nRψex± (17)
∂nR
∂t
= PR −
nR
τR
− ΓR
(∣∣ψex+ ∣∣2 + ∣∣ψex− ∣∣2)nR (18)
This model has the advantage of being reasonably sim-
ple but does not take into account the interaction with
surrounding phonons excitations and therefore any type
of thermalization. These considerations could be treated
via a master equation approach39,40 but are not in the fo-
cus of the present paper. We assume an exciton reservoir
with a lifetime τR = 500 ps which population nR evolves
along Eq.(18) and populated by a non-resonant local-
ized cw -pump PR(x) = AR exp[(x − xR)
2/σ2R]/τR with
xR = 25 µm and σR = 2 µm. ΓR = 200/τR the scattering
rate towards the polariton condensate. The interactions
between particles with parallel spins are introduced via
the constant α = 6Eba
2
B/S, whereEb = 10 meV is the ex-
citon binding energy, aB = 10
−2 µm its Bohr radius, and
S is the normalization area. For the pumping value we
consider, the presence of the reservoir induces an effective
potential barrier αnR(x) ∼ 1 meV. This moderate value
perturbs only weakly the oscillations of the wave packet.
We show in Fig.6 the numerical results obtained in this
framework (see captions). The Gaussian input pulse be-
comes stimulated and the oscillating population is dou-
bled every time it crosses the reservoir zone. The lifetime
and LZT emission-induced losses become strongly com-
pensated upon a relevant reservoir density as we can see
in Fig.6(a). This figure should be compared to Fig.6(b)
where the free oscillations (no reservoir is present) are
displayed. We note that in (a) there is still a weak global
decay of the number of particles, indeed our will is not
to increase stimulate too much the density to avoid a
switching to parametric instability25,41. We have there-
fore created an almost persistent driven Bloch oscillations
of polaritons despite of their lifetime as well as a main-
tained alternating spin emission of Fig.5 with a single
input pulse thanks to the bosonic and interacting nature
of polaritons. This stimulation is not only advantageous
from the point of view of the lifetime of the particles,
but also because it induces a gain in the specific com-
ponent that crosses the reservoir. Thus, it will tend to
screen the deviations from a perfect σ± emission and fur-
ther improves the efficiency of the device. We make the
following final remark. A similar effect could also be
achieved with a pure photonic system, moreover with-
out strong disturbance from the excitonic reservoir. The
amplification of the propagating wave would however re-
quire to achieve the gain condition, which occurs only
with pumping powers typically one-two orders of magni-
tude larger than the amplification condition in a polari-
tonic system43,44. From this point of view the use of the
strong coupling is advantageous, whereas, on the other
hand, it requires low temperature operation, at least in
arsenide based systems.
VII. CONCLUSIONS
We have analyzed spin dependent Bloch oscillations of
exciton polaritons and photons. We have shown how the
TE-TM splitting along the wire affects the spin dynamics
of the particles during their motion. We have explained
how the precession period of the pseudospin can be syn-
chronized with the Bloch oscillations to reach a ”Half
Bloch-oscillations” regime. Capitalizing on this regime,
a proposal for a spinoptronic emitter/converter and even
a transistor based on the Landau-Zener tunneling has
been made. Finally we have given two possible solutions
to overcome the lifetime-induced signal losses.
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